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Autologous tissue is still indisputably the best material available for bridging
defects in arteries, veins and nerves in clinical reconstructive microsurgery. A
readily available, reliable synthetic alternative, however, for the repair of these
structures would be most advantageous, thus saving time and reducing possible
donor area morbidity during lengthy procedures, such as replantation surgery and
free tissue transplantation.
This thesis describes experimental studies focussed on the elucidation of the
function, healing, and performance of artificial conduits used to restore the
continuity of small vessels and nerves, thus moving us another step further in
realizing reliable readily available synthetic alternatives for clinical application.
In the general introduction, Chapter /, a survey of the history of microsurgery and
of the experimental and clinical state of the art of reconstructive microsurgery is
presented, together with an outline of the aims of the studies reported in this thesis.
Ín Chapter 2 it is shown that two-ply biodegradable, compliant, microarterial
conduits (internal diameter 1.5 mm, length I cm), prepared from a polyurethane-
based (PU) material, have a good long-term performance and a high assurance of
implant integrity interposed in the abdominal aorta of the rat. Twentytwo conduits,
evaluated at 3 months (n : 6), 6 months (n : 6) and one year (n : l0) after
implantation were all patent, and all, except t'tro with minimal local dilatation at
one year, were normally shaped. All implants had successfully functioned as a
temporary scaffold for the regeneration of a neoartery: there was (l) a complete
neointima composed of endothelial cells, (2) a neomedia composed of smooth
muscle cells surrounded with elastin and collagen, which was comparable in
thickness to the normal media of the rat, and (3) a neoadventitia composed of
fibrohistiocytic tissue that had organized the wall of the conduit.
ln Chapter 3 it is demonstrated that PTFE microarterial conduits (internal diameter
1.5 mm, fibril length 30 um).) of l0 cm length have encouraging patency rates when
implanted into the abdominal aorta of rats when fixed in a loop, despite their poor
healing. At 3 months after implantationT of the 8 prostheses were patent and in all
patent prostheses healing was only observed at the anastomotic sites with
advancement of endothelial cells for a few millimetres into the lumen, a healing
process comparable to that observed in PTFE prostheses of I cm length.
In Chapter 4 it is shown that microarterial conduits, that perform successfully in the
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rat as described in Chapter 2 and 3, may not be that successful in a more critical
model such as the rabbit, in which thrombogenicity more closely resembles that of
humans. All microarterial polyurethane-based (PU) and polytetrafluoroethylene
(PTFE) conduits (both types of microarterial prostheses: internal diameter 1.5 mm,
length I cm) were patent after I hour of implantion in the carotid artery of the
rabbit, and some were patent after I day,2 days, and I week. However, none of
them were patentat2,3 and 6 weeks, in contrast to the patency achieved in all ofthe
autografts. Although the patent PTFE conduits showed remarkably less thrombus
accumulation on the graft surface when compared with that of the patent PU
conduits, it was demonstrated that all implants exhibited the same amount of
thrombus formation at the distal anastomosis.
In Chapter 5 it is clearly demonstrated that the sleeve anastomotic technique is
superior to the conventional end-to-end suture technique when implanting
synthetic microvenous conduits, because this technique prevents extensive exposure
of collagenous vessel wall tissue at the anastomoses, thus leading to less thrombus
accumulation and subsequently to a higher patency rate.
On evaluation of microvenous PU-based conduits (internal diameter 1.0 mm,
length 5 mm, n : 36) implanted into the femoral vein of rats by means of the
conventional end-to-end suture technique, it is demonstrated that extensive
exposure of collagenous tissue occurs at the anastomoses and that thrombus
formation increases with an increase in the postoperative time interval, thus leading
to complete occlusion of all prostheses after 30 minutes of implantation. By
contrast, 6 of 8 microvenous PU-based conduits implanted by means of the sleeve
anastomotic technique were patent aïter 24 hrs with only minimal exposure of
collagenous tissue at the anastomotic sites and with minimal thrombus accumula-
tion.
In Chapter 6 it is shown that the sleeve anastomotic technique leads to improvement
in the longer term patency of microvenous implants and that the healing process
resembles that of I microarterial PU-based conduits. Nineteen of the 20 micro-
venous PU prostheses (internal diameter I mm, length 5 mm) that were implanted
by means of the sleeve technique into the femoral vein of the rat were patent and
already completely endothelialized after 3 weeks. A subendothelial layer 4 Lo 6
layers thick composed of smooth muscle cells formed a neomedia.
ln Chapter 7 it is observed that biodegradable PU nerve guides, for bridging an
8-mm gap in the sciatic nerve of rats, resulted in a similar functional recovery when
compared with the autografts. All nerve guides, except one, in which distal
dehiscence was observed, with or without gelatin and with or without ACTHo-n (a
nerve growth factor) successfully enabled the sciatic nerve to regenerate across an 8
mm gap, thus effectively re-establishing the contact between the proximal and distal
nerve ends. The mean conduction velocity, motor latency, and muscle action
potentials in the nerve guide series did not differ significantly from the results
obtained in the autografts. The histological quality of regeneration in the nerve
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guides was, however, significantly better when compared with the autografts; they
formed a well-defined nerve cable of normal architecture without the extensive
endoneural fibrosis seen in the autografts. Additional use of ACTH._, in this series
did demonstrate a slight but significant effect on nerve growth activity.
In Chapter & a Quo Vadis is presented. Finally it is stated that the development of
artificial conduits for achieving reliable alternatives for vessel and nerve re-
construction is still in its infancy. However, the studies presented in this thesis,
which have given us insight into various new aspects ofhealing and regeneration in
artificial tubular conduits, give hope for future clinical application. The coopera-
tion of surgeons, cell biologists and polymer chemists is essential to progress.
Conclusions
Microarterial conduits.
l. The superiority of the short two-ply PU based biodegradable conduits for
arterial reconstruction is firmly established allowing good long term patency and
excellent healing. The neoartery thus formed exhibits improved morphological
and functional characteristics when compared with that of the single-ply models
(Chopter 2).
2. Long non-degradable PTFE-conduits used in these studies have poor healing
characteristics as arterial substitutes leading only to para-anastomotic cellular
ingrowth and in spite ofgood patency rates are therefore inferior to biodegrad-
able models (Chapter 3).
3. Species dependent thrombogenicity is a factor of paramount importance when
developing alternatives to autologous tissue for vessel reconstruction in critical
animals and man. These studies (Chapter 4) clearly illustrate how unsuccessful
artificial materials may be in critical models such as the rabbit and indicate the
relative value in assessing the potential of these materials in uncritical models
such as the rat.
Microvenous conduits.
4. Conventional end-to-end coaptation using interrupted sutures leads irrevocably
to early occlusion of PU-based biodegradable conduits in the femoral vein of the
rat initiated by early thrombus accumulation at the anastomotic sites whereas
excellent patency rates are achieved using the sleeve technique in which the
exposure of thrombogenic collagen tissue is minimized (Chapter 5).
5. Excellent longer term patency ofthese conduits is assured by applying the sleeve
technique in femoral vein reconstruction in the rat. This finally leads to a healing
process in which the morphological characteristics closely resemble those in
similar biodegradable arterial models (Chapter 6).
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Nerve guides.
6. Two-ply PU-based biodegradable nerve guides for nerve reconstruction in the rat
allow a high quality of regeneration across 8 mm gaps in the sciatic nerve leading
to functional results similar to that of autografts. The nerve growth factor
applied in these studies, ACTH4-e, only had a small but significant effect on
nerve growth, which did not lead to improved morphology or function on a
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